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Abstract of JP5075210 

PURPOSE:To obtain a visible light 
semiconductor laser able to improve the 
current injection efficiency to an active layer 
while allowing low threshold value, high output 
and high reliability (long life). 
CONSTITUTION:^ a double heterostructure 
having a GalnP active layer 5 sandwiched 
between p-type and n-type AIGalnP clad 
layers 19, 20, atomic arrangement of crystals 
of aforesaid p-type and n-type clad layers 4, 6 
near the active layer is gradually put in order 
toward the active layer. 
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* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Visible optical semiconductor laser, wherein the above-mentioned p type near [ above- 
mentioned ] the active layer and atomic arrangement of a n type clad layer are carrying out 
ordering gradually toward an active layer in visible optical semiconductor laser which has the 
double hetero structure which sandwiched the upper and lower sides of a GalnP active layer by 
an AIGalnP clad layer of a p type and a n type. 
[Claim 2]The 1st AIGalnP clad layer of the 1st conductivity type, 
this — a GalnP active layer provided on the 1st cladding layer. 

Double hetero structure which consists of the 2nd AIGalnP clad layer of the 2nd conductivity 
type formed on this active layer. 

Are a manufacturing method of visible optical semiconductor laser provided with the above, and 
turn the above-mentioned neighborhood of an active layer of the 1st cladding layer of the above 
to the above-mentioned active layer side, and gradually, reduce growing temperature and crystal 
growth is carried out, From the above-mentioned active layer side, growing temperature is raised 
gradually and crystal growth of the above-mentioned neighborhood of an active layer of the 2nd 
cladding layer of the above is carried out. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]About visible optical semiconductor laser, especially this invention can 
improve the current injection efficiency to an active layer, and relates to visible optical 
semiconductor laser which can be oscillated by high power, and a manufacturing method for the 
same. 
[0002] 

[Description of the Prior Art] drawing 6 (a). By M. Ishikawa and others [ for example, ]. "InGaAlP 
transverse stubbies RAIZUDO . visible one Laser Daiohs Fabry KEITEDDO . By MOCVD. 
Selective growth" ("InGaAlP Transverse StabilizedVisible Laser Diodes Fabricated by MOCVD 
Selective Growth", M. Ishikawa,) Y.Ohba, Y. Watanabe, H. Nagasaka, H. Sugawara, Extended 
Abstracts of the 18th Conference on Solid State Device and It is a sectional view showing the 
conventional visible optical semiconductor laser shown in Materials, Tokyo, 1986, and pp1 53—1 56, 
In a figure, 1 a n type GaAs substrate and 2 a n type GaAs buffer layer and 1 6 A n type AllnP 
lower clad layer, As for the n type GaAs block layer which formed the p type AllnP upper clad 
layer for which 17 formed the GalnP active layer in stripe shape, and 18 formed the ridge in it, 
and 10 by p type GaAs layer, and 12 formed with selective growth, and 13, n lateral electrode 
and 15 are p lateral electrodes a p type GaAs contact layer and 14. 

[0003]Next, operation is explained. When the forward bias voltage of pn junction is impressed 
between the n type GaAs substrate 1 and the contact layer 13, current is strangulated by the 
block layer 12 and poured in from the ridge part formed in stripe shape to the active layer 17. 
These poured-in careers are shut up by the hetero-junction in the active layer 1 7, are 
recombined and emit light Refractive index difference arises to the horizontal direction in the 
active layer 17 by the absorption of light and the current stricture of the block layer 12, and the 
breadth of a lateral light is restricted. The light guided by such waveguide results in laser 
oscillation with the Fabry-Perot (Fabry-Perot) type resonator constituted by the cleavage end 
face vertical to the depth direction of the ridge of stripe shape which counters. 
[0004] 

[Problem(s) to be Solved by the Invention]From it being required to constitute the conventional 
visible optical semiconductor laser as mentioned above, and to double a grating constant 
between an active layer and an up-and-down cladding layer. Between an active layer and 
cladding layers is drawing 6 (b). Since it had become a step form hetero-junction so that it might 
be shown, there were problems, like the efficiency of current injection is bad. 
[0005]In the semiconductor laser of an AIGaAs system, change the Al composition ratio of an 
AIGaAs cladding layer gradually, and forbidden-band width is controlled as an active layer is 
approached, the cladding layer near the active layer — a pickpocket — punishment — there are 
some which raise the efficiency of current injection by having composition which has a band gap 
of **. Since this had a very small change of the grating constant according [ AIGaAs ] to Al 
composition ratio, it was easily realizable, but since the change of the grating constant by Al 
composition ratio of AIGalnP was large, the improve efficiency of the current injection by an 
above-mentioned structure was difficult to realize. 



[0006]While this invention was made in order to cancel the above problems, and it can improve 
the efficiency of the current injection to an active layer, It aims at obtaining the reduction in a 
threshold, and the visible optical semiconductor laser which can be high— reliability— ized [ a high 
increase in power and ] (reinforcement), and aims at providing the manufacturing method which 
was further suitable for this laser. 
[0007] 

[Means for Solving the Problem]In what has the double hetero structure which sandwiched the 
upper and lower sides of a GalnP active layer by p type and a n type AIGalnP clad layer, atomic 
arrangement of the above-mentioned p type near the active layer and a crystal of a n type clad 
layer is carrying out ordering of the visible optical semiconductor laser concerning this invention 
gradually toward an active layer. 

[0008]A manufacturing method of visible optical semiconductor laser concerning this invention, 
the 1 st AIGalnP clad layer of the 1 st conductivity type — this — with a GalnP active layer 
provided on the 1st cladding layer. When forming double hetero structure which consists of the 
2nd AIGalnP clad layer of the 2nd conductivity type formed on this active layer, The above- 
mentioned neighborhood of an active layer of the 1st cladding layer of the above is turned to the 
above-mentioned active layer side, growing temperature is reduced gradually, and crystal growth 
is carried out, and from the above-mentioned active layer side, growing temperature is raised 
gradually and it is made to carry out crystal growth of the above-mentioned neighborhood of an 
active layer of the 2nd cladding layer of the above. 
[0009] 

[Function]Since the visible optical semiconductor laser in this invention was considered as the 
composition in which the atomic arrangement of the p type near the GalnP active layer and the 
crystal of a n type clad layer is carrying out ordering gradually toward the active layer, the 
pickpocket in whom band gap structure [ / near the active layer of a cladding layer ] became 
depressed gradually toward the active layer — punishment — it becomes **, and it can improve 
and-izing of the current injection efficiency to an active layer can be carried out [ a low 
threshold ]. 

[0010]The manufacturing method of the visible optical semiconductor laser in this invention, 
Turn the neighborhood of an active layer of the cladding layer of the active layer bottom to the 
active layer side, and gradually, reduce growing temperature and crystal growth is carried out, 
Since growing temperature is raised gradually and it was made to carry out crystal growth of the 
neighborhood of an active layer of the cladding layer of the active layer upper part from the 
active layer side, the pickpocket in whom the band gap structure [ / near the active layer of a 
cladding layer] in which the atomic arrangement of the crystal of the cladding layer near the 
active layer carried out ordering gradually toward the active layer became depressed gradually 
toward the active layer — punishment — the current injection efficiency which is ** is high, and 
the visible optical semiconductor laser of a low threshold can be produced. Since the growing 
temperature near the active layer is low, diffusion of the dopant to the active layer from a 
cladding layer decreases, and a reliable semiconductor laser can be produced. 
[0011] 

[Example]Hereafter, one example of this invention is described about a figure. Drawing 1 is a 
sectional view showing the visible optical semiconductor laser by one example of this invention, 
in a figure, 1 is a n type GaAs substrate and 2 is a n type GaAs buffer layer. It is the n type 
AIGalnP layer about 1 micrometer thick 3 grew up to be at the same temperature, and a n type 
AIGalnP layer with a thickness of about 0.2 micrometer of the same presentation as the n type 
AIGalnP layer 3 which 4 reduced growing temperature gradually and grew, and the 1st cladding 
layer 19 comprises a layer of these 3 and 4. 5 is a GalnP active layer about 0.05 micrometer 
thick. It is a p type AIGalnP layer with a thickness of about 0.2 micrometer which 6 raised 
growing temperature gradually and grew, and a p type AIGalnP layer of the presentation as 6 
[ grown-up at the same temperature ] with 7 [ same ], and the 2nd cladding layer 20 comprises a 
layer of these 6 and 7. The p type GalnP etching stopper layer 8 grew up to be at the same 
temperature as the p type AIGalnP layer 7, and 9 are the 3rd cladding layer grown-up at the 
same temperature as the p type AIGalnP layer 7 of p type AIGalnP. As for the n type GaAs 



block layer which 1 1 formed 10 by the p type GalnP band discontinuous mitigation layer, formed 
it by p type GaAs layer, and 12 formed with selective growth, and 13, n lateral electrode and 15 
are p lateral electrodes a p type GaAs contact layer and 14. 

[001 2]Next, a manufacturing process is explained, first. On the n type GaAs substrate 1 , n type 
GaAs buffer layer 2, the 1st cladding layer 19 of n type AIGalnP, GalnP active layer 5, the 2nd 
cladding layer 20 of p type AIGalnP, the p type GalnP etching stopper layer 8, the 3rd cladding 
layer 9 of p type AIGalnP, the p type GalnP layer 10, And crystal growth of the p type GaAs 
layer 1 1 is carried out one by one by vapor phase growth or MBE techniques, such as the 
MOCVD method. 

[0013] Drawing 3 is a figure showing the growing temperature sequence at the time of the crystal 
growth of n type GaAs buffer layer 2 - the p type GaAs layer 11, and in the figure, time is taken 
along a horizontal axis and it has taken temperature along the vertical axis. Continuously n type 
GaAs buffer layer 2 at the same temperature with the growing temperature of 700 ** First, 
portions other than near the active layer of the 1st cladding layer 19 of n type AIGalnP, [ grow 
up and ] That is, the n type AIGalnP layer 3 is grown up, and crystal growth of the active layer 
near part 4 of the 1st cladding layer 19 of n type AIGalnP, i.e., the n type AIGalnP layer, is 
carried out, reducing growing temperature at 650 ** gradually from 700 ** after this. Atomic 
arrangement carries out ordering of AIGalnP or the GalnP by carrying out crystal growth at low 
temperature, and as this shows drawing 2 , forbidden-band width becomes small. In the time of 
carrying out crystal growth to the time of carrying out crystal growth at 700 ** at 650 **, as 
shown in drawing 2 , the difference of the forbidden-band width of 50meV arises. Therefore, the 
band gap of the active layer near part of the 1st cladding layer 19 of n type AIGalnP is formed by 
carrying out crystal growth with the profile which becomes small gradually toward an active 
layer, reducing growing temperature gradually as mentioned above. 

[0014]After growing up GalnP active layer 5 with the growing temperature of 650 ** following 
the 1st cladding layer 19 of n type AIGalnP, shortly, Raising growing temperature gradually from 
650 ** to 700 ** The active layer near part of the 2nd cladding layer 20 of p type AIGalnP, That 
is, crystal growth of the p type AIGalnP layer 6 is carried out, and it grows up with the growing 
temperature of 700 **, the portions 7, i.e., a p type AIGalnP layer, other than near the active 
layer of the 2nd cladding layer 20 of p type AIGalnP. Following this, at the same temperature, 
crystal growth of the p type GalnP etching stopper layer 8, the 3rd cladding layer 9 of p type 
AIGalnP, the p type GalnP layer 10, and the p type GaAs layer 11 is carried out, and it ends like 
1 st epitaxial growth Takumi. By carrying out crystal growth, the band gap of the active layer near 
part of the 1st cladding layer 20 of p type AIGalnP is formed with the profile which becomes 
large gradually from the active layer side, raising growing temperature gradually as mentioned 
above. 

[0015]Then, the 3rd cladding layer 9 of p type AIGalnP, the p type GalnP layer 10, and the p 
type GaAs layer 1 1 are fabricated to ridge shape using phototype process and selective etching 
technique, It sets like 2nd epitaxial growth Takumi, selective growth of the n type GaAs block 
layer 1 2 is carried out, and crystal growth of the p type GaAs contact layer is carried out like 
3rd epitaxial growth Takumi after this. Finally the n lateral electrode 14 and the p lateral 
electrode 1 5 are formed by vacuum evaporation etc., and the visible optical semiconductor laser 
shown in drawing 1 t hrough the end face formation process by cleavage is completed. 
[0016]Next, operation is explained. The movement mechanism is the same as that of the 
conventional visible optical semiconductor laser almost. By growing up by a growing temperature 
sequence as shows drawing 3 t he cladding layer of the upper and lower sides which sandwich an 
active layer by this example, rubbing, as by having carried out ordering of the atomic 
arrangement of the crystal of the cladding layer in an active layer near part, so that it was close 
to the active layer shows to drawing 4 — punishment — the profile of the forbidden-band width 
of ** is obtained, and the efficiency of the current injection to an active layer improves and 
forms a low threshold, a cladding layer — such a pickpocket — punishment — since light closes, 
eye ** becomes weaker and the light density in an active layer is reduced by considering it as 
the profile of the forbidden-band width of **, it can make high-powered. 
[0017]Since the circumference of an active layer grows at low temperature comparatively, 



diffusion of the dopant to the active layer from a cladding layer is reduced, deterioration of the 
quality of an active layer is controlled, and it can produce reliable visible optical semiconductor 
laser. 

[0018]Since the layer which was excellent in crystallinity with few defects since a n type GaAs 
buffer layer and cladding layers other than near the active layer were grown up by relatively high 
temperature is obtained, reliable visible optical semiconductor laser is producible. 
[0019]In the above-mentioned example, although the thing of ridge type visible optical 
semiconductor laser was shown, this invention can be applied also to electrode-stripes type 
laser, as shown in drawing 5 , and does so the same effect as the above-mentioned example. 
[0020]Although the above-mentioned example showed what used the n type GaAs substrate, a p 
type GaAs substrate may be used and the conduction type of an up-and-down cladding layer 
becomes reverse in this case. 
[0021] 

[Effect of the Invention]As mentioned above, since it had composition in which the atomic 
arrangement of the p type near the GalnP active layer and the crystal of a n type clad layer is 
carrying out ordering gradually toward the active layer according to this invention, the pickpocket 
in whom band gap structure [ / near the active layer of a cladding layer ] became depressed 
gradually toward the active layer — punishment — it becomes **, the current injection 
efficiency to an active layer can be improved, and there are reduction in a threshold and an 
effect which can be made high-powered. 

[0022]According to this invention, turn the neighborhood of an active layer of the cladding layer 
of the active layer bottom to the active layer side, and gradually, reduce growing temperature 
and crystal growth is carried out, Since growing temperature is raised gradually and it was made 
to carry out crystal growth of the neighborhood of an active layer of the cladding layer of the 
active layer upper part from the active layer side, . The atomic arrangement of the crystal of the 
cladding layer near the active layer carried out ordering gradually toward the active layer, the 
pickpocket in whom band gap structure [ / near the active layer of a cladding layer ] became 
depressed gradually toward the active layer — punishment — it is **. Current injection 
efficiency can be high, and the visible optical semiconductor laser of a low threshold can be 
produced, and the growing temperature of the circumference of an active layer can be grown up 
low, and in other fields, since it can grow up at an elevated temperature, there is an effect which 
can produce a reliable semiconductor laser. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a sectional view showing the visible optical semiconductor laser by one example 
by this invention. 

[Drawing 2] It is a figure showing the crystal growth temperature of AIGalnP and GalnP, and the 
relation of forbidden-band width. 

[Drawing 3] It is a figure showing an example of the growing temperature sequence of crystal 
growth ****** in manufacture of the visible optical semiconductor laser by one example of this 
invention. 

[Drawing 4] It is a figure showing the profile of the forbidden-band width near the active layer of 
the visible optical semiconductor laser by one example of this invention. 
[Drawing 5] lt is a sectional view showing the visible optical semiconductor laser by other 
examples of this invention. 

[Drawing 6] It is a figure showing the profile of the conventional visible optical semiconductor 
laser and the forbidden-band width near [ the ] the active layer. 
[Description of Notations] 

1 N type GaAs substrate 

2 N type GaAs buffer layer 

3 N type AIGalnP layer 

4 The n type AIGalnP layer which reduced growing temperature gradually and formed it 

5 GalnP active layer 

6 The p type AIGalnP layer which raised growing temperature gradually and formed it 

7 P type AIGalnP layer 

9 The 3rd cladding layer of p type AIGalnP 

19 The 1st cladding layer 

20 The 2nd cladding layer 
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ii»Pl, UlipiGaAsi, 12ii»&AiC 
±9»rtl/fcnlGaAs^tiy^ 13fip§yGa 
Asa^H, 14 finiJlfl, 1 5 fipfl|«ffi-C 

So 

[00 12] *^»5§ie^o^-ClftKt5. £1\ n 
lGaAsSfil±(CnlGaAs/<y77l2, nl 
A 1 G a I n PS 1 ^ 7 7 Kll 9 , Gain Pffittl 40 
5, plAlGa InP|2^7yKl20, plGa 

InPiyf^hy^l8, plAlGa InPi 
3*7 7 K19, plGa InPilO, MplGa 
Asll l£MOCVD&ft^©Mtl$A&&5WiM 

[00 13] Hl3(4nMGa A s^y77l2~plG 
a A s 11 1 OJSAfifc*l^©J**ajt5/-'{ry^ *r*t 
Hltfc<9, Ht*JV»-C, fltftlifcim IfflMS&io 
■C^So tTs ^£S70 0ttniGaAs/^77 
7S2SrfifcSU tt^TH-fflff-enSAl Ga I nP 50 



#F^¥ 5- 7 5 2 1 0 

4 

S 1 9 7 7 Kll 9 <D%mft®Uft<Dnft, BP*>, n 
SAlGa InP|3 £$AU roftfifcfttaflfft 7 0 
0"Cd»e>6 5 0 o C(^^(C{g7$**^bnSA 1 Ga 
I n PS 1 7 7 7 Kll 9 0jgtt8iE#»* IP*>, nl 
A 1 G a I nPl4^g|tef5 0 AlGalnPt 
G a I n P ttffifi^H AAA SttSrfcfcJ:!) J^EM 
#ffe#fc U :ftCJ: D 0 2 J: 5 
$ < 45. 7 0 0°CXUia^Ltc^t 6 5 0°CTfef a 
$ALfcf$£ -CttH 2 «t 51-50 meV©»ffcM 

tot, ±J£©J:5tcj£Ai&£&&*fc 
ffiT£tfft#&&ftj£At3::J:fcJ:*K nlAlGa 
I n PS 1 * 7 7 Kl 1 9 ©gteJgiE^©^ K^r> 
7 7°f4Sttl tfli»ot»* K'b £ < ft 3 7°P 7 7 ^ 

[0 0 14] n§!A 1 Ga I nPSl *7 7 Kll 9}C 
M^T, filcAifi&6 5 0°CT'G a I n Pffittl 5 £$A 
bfc&, 5 0°C^ 7 0 0°C(C# 

*fc±#3*fc#^ pSA 1 Ga I nPS2?77 K 
1 2 0 ©ffittlffiffSi, Bh, P lAlGaInPl6 
^Mh b b^A U fifcAi&S 7 0 0tfpiAlGa I n P 
S 2 * 7 7 Kl 2 0 ©ffittlifift£A^OS|5^ % HPt», P 
MA 1 G a I n Pi 7 ^A1"5 0 ^ftiC^T, [5]- 
JWTpSGa InPiyfy^hy^lS, p®A 

l Ga I nPS3*77 Kl 9 , plGalnPfl 
0, WpiGaAsll lHNfefifcAUC 
t°? ^^^r/u*AlS*r»Tt5. .HE© J: 5 i-$A?£ 
«Sr^lc±#$-ti:/i^f,ligafigAt5i4:tJ:t) N p 
MAlGa InPf 1^77K|20 ©?£ttl£fggfl© 
K^>7 7^ttlffi^b&*Sc:7v#< ft«^P7 

[0 0 15] ^©t> ^KlMUW^T^^Sffi 
^ffl^tplA 1 Ga I nPS3 777 K19, piG 
a I nPll 0, M«piGaAsIl 1 % 9 r« 
K&MU 2 01©^ fcT* ^v^/H&AlgKfc^-C n 
!GaAs7'n^I12^MMU ^©t, 3 0 
B©:nl^*$^W£Al@fc:J:!J piGa As 3^ 
* HSSrljgAAAtS. ft^nfJlfll 4&tf pWt 
ttl 5 5 JfctfU ^H^iSJSE^lg 

[0016] wmttK^xm+Zo wiwmm 
^(D-^myt^w-^-i'tmmmxh^o *%mmx 

IX ffittl£$tf_h7©* 7 7 KlSria 3 5 ft 

A AMS ^7^7 A1" 5 r t }c i , ffittlfifi? 
(BtJSftS 9 7 7 Kl©fefi©m^E?iJS:ffittHcia^ 
H mmt Lfc r t k: J: 9 , H 4 i 5 ft 1 9 tf *> 

^©^$y^i©7°n 7 7^r MMi&tk ffitti^©ms 

ftA©a**«|^i±L, IfiLtvMa^tSo Sfe^, ^7 
7 Kl^r©J; 5ftf9tf^«©^$iJ^M©7 a n77^ 
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[0017] $ fc, jsttl* •? mfcRKHSia-crit^-t : 

[00 18] nSGaAs^^rg^iSil 

©m^$7fe¥^ti^-lWM-f 3 r £ iJ-et 3 0 
[0 0 19] JifEHJSfcim JJ yv^©TO£ 

^frw-if©t>©tov^-c*tfcas, *«Ktt05ii io 

[0 0 2 0] tfc, ±tmmmX^X nlGaAsSS 
SrffiV^fcWtoV^T^Lfci^ pIOGaAsiS?: 
fflvvt<>±<, r©$3\ ±T*?y KE®fc$lB:i£ 

[00 2 1] 

£L±©£5t^ ^©ISPJ^itLfi, Ga 
I n P Sttl3£$© pi, ni^y Kl©^ a a B ©Ig^ 

Kl©ffittli£^(-*5tt5^^ K** y 

i9 > stti^©m^aA?>*^fS]±i?f , ffitt imi 

[0 0 2 2] tit, r©|gPJ(cJ;^fi, ffittl©Tffi© 
* 7 s> Kl©ffittl£#^SttliJ(C[6][tT#^ iqfcfi 
MS^fiT^-frT^^ft U ffittl©±ffi©^ 7 v K 
1 <7)ffittl£{g£?£ttl»> ibi;* {cjfc^a&S: ±# $ 

KI©S H e B ©^E^^Sttl(crp]/0^oX#* 30 

Lfc, * 7 v m^^.wm\cm'b^v Y*?*y~f 



<fe><5 0 

[01] r©»K^J:5-||16«iJtJ:5^S^*#:U' 
— !fSr*i"IWiBH-e*)«. 
[12] AlGaln P&tf G a I n P ©^/^fig 

[03] i©!g|^©-H»J}ij;5^)t^#:^-lf 
©»5t kifc it 5 g H B B^IfS© ©j&giag *s-!r y 7 © 

[04] r©^|^©-^»](cj;5W ; i^*^i/-if 

©ffittlfi#©«$IJ^I©7°P7 7^^Sr*tl-Cfe 
[05] ^©IS0J©m©^MJ^J;5pI^^^|y- 

[0 6] «©Bl^^#:u-if^^©ffittl^ 
©^$iJ^I©7 o n7 7^^^t0-e&5 o 

1 nlGaAsSI 

2 nlGaAs/<y77i 

3 nlA 1 Ga I n PI 

4 dtiHBiS*Ui*tfiT$*r^Lfcni!A 1 Ga 
I n Pi 

5 Gain Pffittl 

6 J&gSg£#*};:±#£*Tl^L7cpMAl Ga 

1 n Pi 

7 plAl G a I n Pi 

9 plAl Ga I nP|3^7y Kl 
19 fgl ? 7 y Kl 

2 0 !2^7yKI 



[02] 



[03] 




600 



650 



700 



n-CaAs Gat-iP 
n-AIGalnP 




700' C 



P-AIGdlnP p-AiGoInP 
/ P-Galnp] P-GalnP 



B50C 




4 5 6 78 9 101! 
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[04] 




1 i GaAsMjg 
7 . n- GaAs/flOJ 1 
3: n-AlGalnP/# 
4 ; n-A10aInpJ 
5: GaIr>P,^*3£# 
6: P-AIGalnP 
7- P-AIGalnP^ 
8: V-S>*\T\?XvM'jfo/\' M 



if* 



n-AlGalnP GalnP p_ A1 (j a | n p 



9 ; v-A\6a\nP&3777/y& 

10 : P-GalnP^ 

1 1 : P-GaAsy# 

12 : n-QateyfoZg 
13:p-5aAsJJ/^j7^ 

15 : p/TOS* 
T9 .#1 

20 #2 777/^ 




